We investigate the effect of speaking Spanish at home as a child on completed schooling and aptitude test scores using data on Hispanics who grew up in the U.S. from the NLSY79. We model the accumulation of traditional human capital and English fluency, leading to the joint determination of schooling and test scores. We find that speaking Spanish at home reduces test scores but has no significant effect on completed schooling. The reduction in test scores is more dramatic the higher the education of the parents and when the choice of home language is endogenous.
Introduction
Does growing up in a home where Spanish is spoken affect an individual's cognitive abilities as measured by aptitude tests? Does it have any influence on how much schooling that individual eventually acquires? The purpose of this paper is to investigate these questions using data on persons of Hispanic ancestry who grew up in the U.S. There is an extensive literature linking earnings to aptitude test scores and educational attainment, two areas in which Hispanics continue to lag non-Hispanic whites. As the Hispanic population in the U.S. Differences in standardized test scores are also large. In 2004, for example, the average verbal and math SAT scores for Hispanics were 456.3 and 458.3, respectively. Correspondingly, the averages for non-Hispanic whites were 528 and 531. 1 
Differences in the two verbal Armed
Services Vocational Aptitude Battery (ASVAB) test scores used in this paper for Hispanics and non-Hispanic whites are 20.5 and 26.7 on the word knowledge exam and 8.6 and 11.2 on the paragraph comprehension exams. Similar differences arise for the two math ASVAB tests we use: 13.2 and 18.4 points for the arithmetic reasoning exam and 9.9 and 13.8 points for the math knowledge exam. 2 Most of the economics literature dealing with English proficiency has centered on its relationship to wages. The consensus is that much, if not all, of the gap in wages between non-Hispanic whites and Hispanics is accounted for by differences in English proficiency (e.g., see McManus et al., 1983; McManus, 1985; Reimers, 1983; and Trejo, 1997) . 3 Related topics 1 See www.collegeboard.com. 2 The maximum verbal and math SAT score is 800. The corresponding maximum ASVAB word knowledge, paragraph comprehension, arithmetic reasoning, and math knowledge scores are 35, 15, 30, and 25. While not the primary focus of their study, Fryer and Levitt (2006) consider language spoken at home as a determinant of test scores for young children. They find that speaking Spanish at home has little effect on the initial gap or the trajectory of test scores between Hispanics and non-Hispanic whites. 4 In contrast to the Fryer and Levitt (2006) results, Rosenthal et al. (1983) , from the sociology literature, use a nationally representative sample of elementary students and find a negative relationship between speaking Spanish at home and verbal and math aptitude, with the effect being stronger for the former than for the latter.
In Section 2 of this paper we construct a formal model of the joint determination of schooling level and aptitude test scores. We view tests scores as measures of an individual's human capital at the time the test is administered. We modify Ben-Porath's (1967) model of human capital to allow for two types of complementary capital: traditional human capital (measured by aptitude tests) and English fluency. How much speaking Spanish at home slows the acquisition of fluency in English, impairs the transmission of skills, and results in lower test scores will depend on the characteristics of the parents. 5 Essentially, the more educated and the more fluent in English the parents themselves are, the higher the opportunity costs of speaking Spanish at home. Unlike for the test scores, implications of the model for levels of completed schooling are ambiguous. Anything that lowers the productivity of the process of human capital accumulation reduces both the marginal benefits and the marginal costs of staying in school.
Section 3 presents the empirical formulation we employ. A detailed description of the data it to differences in occupation (Kossoudji; 1988) , labor market attachment 2002 , discrimination (Reimers; 1983) , or the nature of the migration decision 2003) . 4 Other papers investigating ethnic and racial differences in test scores include Clotfelter et al. (2006) and Fryer and Levitt (2004) . 5 We will use skills, knowledge, and human capital interchangeably throughout the paper.
2 is given in Section 4 and in the Data Appendix. We use data from the National Longitudinal Survey of Youth 1979 (NLSY79). The NLSY79 has been widely used in the labor economics literature, but to our knowledge, this paper is the first to use it in exploring the relationship between Spanish language background and academic achievement. The nature of the NLSY79 enables us to determine a respondent's final level of schooling and it also contains verbal and math aptitude test scores from the ASVAB tests. Section 5 presents our results. We find that speaking Spanish at home as a child reduces tests scores, but has no statistically significant effect on schooling levels. As expected, the reduction in test scores from speaking Spanish at home increases with parents' schooling.
Section 5 treats speaking Spanish at home as a child as an exogenous characteristic of families. In Section 6 we model the decision to speak Spanish at home, and we find that endogenizing it increases its negative effect on test scores. We conclude in Section 7 with a summary of our results. 
Conceptual Framework and Empirical Specification

The Schooling/Home Period
During the schooling/home period human capital is accumulated according to the fol-
where h(t) is human capital and E(t) is fluency in English, both at time t. Fluency is acquired at an exogenous rate, g, determined by one's language environment, including that of the home.
Initial human capital, h 0 , and the productivity parameter of the human capital accumulation equation, b, may also be related to observable household characteristics. Everyone begins life with a level of English fluency, E(0) = 1, and achieves fluency at time t F where E(t F ) = 2.
The time at which fluency is achieved is given by e gt F = 2, or t F = ln (2) g . We assume that everyone achieves fluency before the end of the schooling period, i.e. t F < t s . (In the empirical work we assume that fluency has been achieved by the time the aptitude test is administered, which for some individuals is before they have completed their schooling.)
The model summarized in (1) does not allow for any positive influences from the knowledge of Spanish in terms of human capital accumulation. The model could be easily modified to allow for such benefits of bilingualism if the empirical work to follow suggests that such a modification would be fruitful. For the period [0, t F ] the solution to the differential equation
From (2) we can obtain h(t F ), which is the initial condition for the human capital differential equation for the period between achieving fluency and completing school, i.e. [t F , t s ].
For the period [t F , t s ] human capital is given by:
where π = 2 −η + ηln(2) − 1 > 0 and t > π ηg . From (3) we can obtain h(t s ), which is the initial condition for human capital for the working period, i.e. [t s , T ], where T is the time of retirement.
In the empirical implementation, we assume that every member of our sample was administered the aptitude test after they achieved fluency. This implies that for a person who was in school at the time of the test, t τ , (3) gives that person's level of human capital, and consequently his test score, τ . Define s τ as the years of schooling at the time the test is administered. Then s τ = t τ − 6, and we can express the person's test score as: 6
We can determine from (3) and (4) that:
The first condition in (5) states that the longer the individual is in school before he takes the exam, the higher his human capital at the time of the test and therefore the higher the test score. The next three conditions state that anything that increases the rate of accumulation of English fluency, the productivity of human capital accumulation, or the initial human capital endowment, the higher the test score at the time the test is administered will be.
The Working Period
After completing school the individual enters the labor market with human capital h s = h(t s ) given by (3) . Following Ben-Porath (1967) we assume that the individual can allocate any portion of his human capital to generate earnings, y(t), or to generate more human capital through on-the-job training. Let x(t) be the amount of human capital devoted to on-the-job training at time t. The individual's earnings are then given by:
where w is the wage rate per unit of human capital. We assume that the production of human capital through on-the-job training is governed by a process similar to that of the schooling/home period:ḣ
where a is a productivity parameter. The individual's objective is to determine the path of investment in human capital, x(t), that maximizes the present value of earnings, y(t), minus the direct cost of schooling, which is given by:
where p is the direct cost of schooling per unit of time and r is the discount rate. Taking t s as given, (8) is maximized subject to (6) and (7), the boundary condition h(s) = h s , and the non-negativity constraint, x(t) ≥ 0.
At the start of the working period, t s , the individual will invest positive amounts in his human capital. That investment will decline over time as retirement age approaches. At some timet < T investment in human capital becomes zero and no further investment occurs thereafter. Let us define potential work experience, t w , as t w = t − t s . The solution to the working period problem, which is x(t) = aα r (1 − e r(t−t) )
1
(1−α) , gives rise to the optimal path of human capital given by:
6
The first term on the right hand side of (9) is the human capital at the end of the schooling period and the second term on the right hand side is the net accumulation of human capital between the end of the schooling period, t s , and time t.
Equation (9) provides the human capital for someone who has left school by the time the test is administered. Since for such a person the years of schooling at the time of the test, s τ , equals the years of completed schooling, s, we can express his test score as:
where h(t) is given by (9) .
According to (9) , human capital at the end of the schooling period is reflected one-for-one in human capital during the working period. The effects of (s, g, b, h 0 ) on the test score after the schooling period are therefore the same as those during the schooling period, and are given by (5) . From (9) we can derive the effect of t w and a on the test score as:
The optimal value of the present value of income net of the direct schooling costs is
The first term on the right hand side of (12) is the present value of earnings generated by the human capital acquired during the schooling/home period. The next two terms on the right hand side are the present value of the earnings generated by the human capital accumulated during the working life. From this the fourth term on the right hand side, representing the present value of foregone earnings from on-the-job investment in human capital, must be subtracted. The fifth term on the right hand side is the present value of direct schooling costs.
From (12) we obtain that:
Increasing human capital at the end of the schooling period by one unit permanently raises the path of human capital by one unit. This in turn increases earnings by w per unit of time.
Equation (13) is the present value of that increase in earnings. Similarly for changing the date of completion of schooling:
Holding human capital at the end of the schooling/home period, h s , constant, extending the period of schooling increases the direct cost of schooling and reduces the period of potential earnings. The latter is partially offset by a reduction in post-schooling investment, but the overall effect is to reduce the present value of earnings.
The individual's problem is then to choose the length of the schooling/home period so as to maximize (12) , where h(s) is given by (3). Since t s = s + 6, we can express the objective function as v(s; a, g, b, h 0 ) = V (h(s + 6), s + 6), where h(t) is given by (3). The first order condition for this problem is given by the following:
where V hs is given by (13) and V ts by (14) . The solution to (15) is the optimal level of schooling, s(a, g, b, h 0 ). The effects of (a, g, b, h 0 ) on schooling can be obtained by differentiating (15) .
Their effect, however, will generally be ambiguous. Consider, for example, the effect of more rapid growth of English fluency. Differentiating (15), we obtain:
The second order conditions require that v ss < 0, so the sign of ∂s ∂g will be the same as that of v sg . The latter is given by:
which cannot be signed. A higher rate of growth of English fluency makes the schooling/home period more productive in the acquisition of human capital, encouraging the individual to stay in school longer. Since this results in higher human capital at every point in time, it results in greater foregone earnings from staying in school. Our model predicts that the overall effect on completed schooling is thus ambiguous.
Speaking Spanish at Home and Parents' Schooling
Our main interest in this paper is to assess the effects of speaking Spanish at home as a child on aptitude test scores, and secondarily, because the theoretical predictions are ambiguous, on schooling. For now we will treat speaking Spanish at home as an exogenous variable. In Section 6 we endogenize the decision of the language environment of the home.
Of the three productivity parameters in the schooling/home period of the model developed above, (g, b, h 0 ), the most natural one through which speaking Spanish at home should influence the acquisition of human capital is the growth rate of English fluency. We expect that a child who grows up in a home where the parents are fluent in English, but nevertheless speak Spanish, will become fluent in English more slowly. As shown above, this will result in lower test scores, but it will have an ambiguous effect on the level of schooling. In a household where the parents are not fluent in English, the alternative to speaking Spanish may be to speak very poor English, which may lower rather than raise the rate at which a child becomes fluent in English.
The effect of speaking Spanish at home on the accumulation of human capital, therefore, may interact in complex ways with other household characteristics.
Unfortunately, our data set does not include measures of the English fluency of the parents. It does include, however, their levels of schooling which we believe are correlated with their degree of fluency in English. Furthermore, parental schooling should be directly related to the other productivity parameters, namely b and h 0 , and through these indirectly related in the production of human capital to speaking Spanish at home.
We can envision at least four ways in which parental schooling can impact the accumulation of human capital and therefore the test scores of the individuals in our sample. First, parental schooling is likely to be correlated with the innate ability of the parents and thus with their children's endowment of human capital, h 0 . Second, parents with higher levels of education are likely to have higher incomes, which will be associated with better quality schools and other inputs into the human capital accumulation process. Furthermore, parents with more schooling are likely to have more knowledge to impart to their children and be better at doing so. These last two should work through increasing the productivity parameter b. Finally, better educated parents are more likely to be fluent in English and this can affect the growth rate of English directly as well as through its interaction with the language spoken at home, as stated above.
The Empirical Implementation
The model from the previous section gives rise to the following two equations for completed schooling and test scores:
For our empirical implementation we will assume that the schooling equation, (18) , is given by:
where Z is a set of observable determinants of schooling and u is an error term, which we assume is distributed as N (0, σ u ). Among the elements included in Z are individual and family characteristics, including parents' schooling, and measures of the direct and indirect costs of schooling similar to those used in Hansen et al. (2004) .
We assume for an individual's score on test i, τ i , the following empirical formulation:
where ψ takes on the value of "1" if an individual spoke Spanish at home as a child, and "0" otherwise, s p is average parents' schooling, X is a vector of individual and family character-istics (again including measures of parental schooling), and ε i is the error term representing unobservable determinants of the test score.
Equation ( completed his schooling at the time of the test and so s τ = s and t w = t τ − s − 6 = ∆ − s. We can now restate (21) as:
From (22) we can compute the expected score of test i. Let c = (∆−γZ) σu , and Φ(c) and φ(c) be the standard normal distribution and density evaluated at c. The expected score of test i is given by:
We will employ a two-step estimation procedure. From (20) we obtain that:
The first-stage of our procedure is to estimate the probit given by (24) to obtain γ and σ u . We use these estimates to construct Φ( c) and φ( c) and then substitute them into (23) and estimate it by OLS. This procedure provides us with consistent point estimates, and the standard errors are corrected using a bootstrap technique.
Data
The data used in this study are from the National Longitudinal Survey of Youth 1979 (NLSY79). Much of the early work in this area relied on Census data or the 1976 Survey of Income and Education (SIE)-the former because of its large sample size and the latter because of its richness of language related questions. To our knowledge, the NLSY79 has not been used to study the effects of language background in economics. The singular exception to this is Bleakley and Chin (forthcoming) who use it as a robustness check to the results obtained using data from the Census. 8 We focus our attention on a set of Hispanics who were either born in the U.S. or migrated here before they were age seven. 9 Our set of Hispanics include Cubans, Mexicans (i.e. Chicanos, Mexicans, and Mexican-Americans), Puerto Ricans, and other Hispanics (i.e. other Hispanics and other Spanish).
The two outcome variables of interest in our analysis are the completed level of schooling and the ASVAB test scores. We consider four of the ASVAB tests which assess an individual's math and verbal skills: 1) arithmetic reasoning; 2) math knowledge; 3) word knowledge; and 4) paragraph comprehension. 10 The primary variable of interest in our empirical implementation is whether a respondent spoke Spanish at home as a child. We constructed this first from individuals who indicated speaking a language, other than English, at home as a child and second, if this language was Spanish. The other key explanatory variables of interest are parental schooling levels. The Data Appendix explains the construction of the data in greater detail and discusses other variables and data sets used in the analysis.
The final sample we use in the empirical strategy is comprised of 1312 Hispanics-612 males and 700 females. This sample omits non-Hispanics along with Hispanics who migrated to the U.S. after age six, along with any other individuals who were missing information for the relevant variables. percentage point differential for the arithmetic reasoning, math knowledge, word knowledge, and paragraph comprehension tests between the non-Spanish and Spanish speakers.
Estimation and Results
The entire set of estimated parameters for the completed schooling equation, (20), obtained from the first-stage estimation of (24), can be found in Appendix Table B .1, column 1. Our discussion will be limited to the primary variables of interest, namely speaking Spanish at home as a child and levels of parental schooling. In the completed schooling equation, speaking Spanish at home as a child appears by itself and interacted with the average schooling of the parents. For each aptitude test we estimated two versions of (23) . In the first version, we set α 1i = 0, implying that any effect of speaking Spanish at home on test scores would be independent of parental schooling levels. In the second version we allow α 1i to take on any value. Highlights of the results are presented in Table 4 and Figure 1 . The dependent variable in each regression is the standardized test score. For each test the first column presents the selected results with no interaction between speaking Spanish at home and parental schooling (α 1i = 0), while the second column gives the results with the interaction. For all four tests, more schooling at the time the test is administered results in higher test scores and the magnitude is similar for all four tests, with and without interactions. An additional year of schooling increases the test score by 0.09-0.14 standard deviations. For potential work experience, however, the results for the math tests are markedly different than for the verbal tests. An additional year of postschooling experience has little effect on the math scores whereas it increases verbal test scores by about 0.08 standard deviations and it is statistically significant at the one percent level.
11 Mother's and father's schooling are also interacted with whether they were born abroad and whether they were absent when the respondent was age 14. For the results of these interactions see Appendix These results imply that math skills stop improving with the culmination of formal schooling, while verbal skills continue to improve at nearly the same pace after entering the labor force as during the schooling/home period.
For parental schooling, we first consider the results when it is not interacted with speaking Spanish at home. The effect of mother's schooling is statistically significant and similar in magnitude (0.03-0.06) across all four tests. Similarly for father's schooling, the coefficients vary little (0.05-0.06) across all four tests and are always statistically significant. 12 When average parents' schooling is interacted with speaking Spanish at home as a child, the results for the two math tests again differ substantially from those for the verbal tests. For all four tests introducing the interaction increases the magnitude of the coefficients of mother's and father's schooling, but the increase is greater for the two math tests. For the math tests the coefficients on mother's and father's schooling, which must now be interpreted as the effect of mother's and father's schooling when Spanish is not spoken at home, are about twice as large as they were when no interaction is allowed. For the verbal tests the corresponding coefficients increase much less, if at all.
Turning to the variable of most interest, we see that based on the first version of the regressions speaking Spanish at home reduces test scores, with the effects being statistically significant at conventional levels for the math tests-arithmetic reasoning and math knowledge-and for word knowledge, but statistically insignificant for paragraph comprehension. 13 To give some sense of the magnitude of these effects, speaking Spanish at home reduces test scores about as much as a reduction of two years of schooling. For the arithmetic reasoning, math knowledge, and word knowledge tests, the magnitude of the estimated coefficient on speaking Spanish at home is about one third of the Hispanic/non-Hispanic white differential in the mean ASVAB scores referred to in the introduction. 14 Since the fraction of respondents who report speaking Spanish at home as a child is 0.86, this means that for these three tests, speaking Spanish at home accounts for between 24-31 percent of the gross difference in test scores between Hispanics and non-Hispanic whites.
12 By comparison, Currie and Thomas (2004) using a different data set find a larger effect of maternal schooling than paternal schooling on children's test scores, perhaps due to differences in the parents' allocation of time for child-rearing activities. 13 For paragraph comprehension the coefficient on speaking Spanish at home as a child is statistically significant at the 11 percent level.
14 For arithmetic reasoning, 35.8; for math knowledge, 28.1; and for word knowledge, 32.7 percent of the gap is explained.
When we interact speaking Spanish at home with average parents' schooling, we once again see a marked difference between the results for the math and verbal tests. For all four tests the effect of the interaction of speaking Spanish at home with parental schooling is negative, but it is statistically significant only for the math tests. Figure 1 presents a better portrayal of the effects of speaking Spanish at home as a child in the presence of its interaction with average parents' schooling. For the two math tests the effect of speaking Spanish at home starts out positive for low levels of average parents' schooling, and it declines with increased parental schooling, eventually turning negative. For arithmetic reasoning the turning point from a positive to a negative effect occurs at an average parents' schooling level of 7.6 years, and for math knowledge it occurs at 9.7 years. As can be seen from Figure 1 , by an average parents' schooling level of 11 years, the effect of speaking Spanish at home on the two test scores is negative and statistically significant at the five percent level. For word knowledge speaking Spanish at home as a child has a negative effect on the test score for all levels of average parents' schooling. By an average parents' schooling level of eight years the effect of speaking Spanish at home is statistically significant at the five percent level and remains so for higher levels of average parents' schooling. For paragraph comprehension we see a pattern similar to that found for the math tests. For low levels of average parents' schooling the effect of speaking Spanish at home on the test score is positive, while for high levels it is negative. For word knowledge, however, the turning point occurs at lower levels of average parents' schooling (5.4 years) than for the math tests. It becomes statistically significant at the five percent level for average parents' schooling between high school and college, and is marginally significant at the 10 percent level for parental schooling beyond college.
Endogenous Choice of Home Language
So far we have treated whether a family speaks Spanish at home as exogenous. The concern is that the main variable of interest may be related to some unobserved characteristic of families that negatively impacts test scores, and that we have misattributed its effects to speaking Spanish at home. It is possible, for example, that families who in the 1960s and 1970s
were more concerned with the education of their children tended to speak only English at home.
If this was the case, then the effect of this unobserved, heightened concern for education would be incorrectly attributed to the language spoken at home. 15 The reverse, of course, is just as plausible. It may well be that families that emphasize education are also more likely to value their children being able to speak a second language or have stronger loyalty to their ancestral culture. If this was the case, then we may well have underestimated the negative effects on test scores of speaking Spanish at home. In this section we develop and implement a model where speaking Spanish at home is endogenous.
Without altering the human capital acquisition process of our model, if families are going to ever speak Spanish at home even when it reduces their children's human capital it must be because they place some value on doing so. Let v(s, ψ; Z h ) be the net present value of income introduced in Section 2.2 where Z h is a vector of variables other than ψ that can affect the acquisition of human capital. In that section we treated ψ (ψ = 1 if Spanish was spoken at home) as exogenous. Suppose now that the family values income and speaking Spanish. It is then interested in choosing s and ψ so as to maximize a more general utility function:
where Z s is a vector of variables that affects a family's tastes for speaking Spanish at home. The solution to the maximization of (25) is a pair of equations, s(Z) and ψ(Z) where Z = (Z h , Z s ).
For the empirical implementation we maintain as much of the previous structure as possible. Essentially, this means that ψ is replaced with P [ψ = 1] in (23) . Let us assume that:
Then the probability Spanish is spoken at home is
where we have assumed that u s ∼ N (0, 1). The schooling equation, which takes on the same form as before, is
Thus, the probability that an individual has completed his schooling at the time the test is given remains:
The expected test score for test i is now given by:
Our first-stage procedure now consists in estimating (27) and (29) as a bivariate probit to obtain δ, γ, and σ uy . We then use these to construct Φ(− δZ) and Φ( c) and substitute them into (30), which we estimate by OLS. As before, the standard errors are corrected using a bootstrap technique.
In order to prevent our identification from relying solely on functional forms, we need to have some variables that affect a family's taste for speaking Spanish at home but do not directly affect the test scores. That is, there need to be some variables in Z s that are not included in aptitude test score equations with no interaction between the probability of speaking Spanish at home and average parents' schooling in the first version and allowing for such an interaction in the second. For variables not involving the probability of speaking Spanish at home as a child, the estimated coefficients in Table 5 are quite similar in magnitude and statistical significance to the corresponding estimates in Table 4 , where the choice of home language was treated as exogenous. Treating home language as endogenous has a substantial effect on the coefficient estimates for those variables that include speaking Spanish at home as a child. A comparison of the estimates in Table 5 with those in Table 4 shows that treating home language as endogenous amplifies the effect on test scores of speaking Spanish at home. When no interaction between speaking Spanish at home and average parents' schooling is allowed, the coefficients on speaking Spanish at home in Table 5 are two to over three times the magnitude of their counterparts in Table 4 , and they are all statistically significant at conventional levels. 16 Speaking Spanish at home is now estimated to reduce test scores by as much as 4.7-6.5 fewer years of schooling. 17 In terms of the test score gaps between Hispanics and non-Hispanic whites mentioned in the introduction, the estimated coefficients on speaking Spanish at home imply that home language can explain between 48 and 88 percent of the gap between the two ethnic groups. 18 16 In Table 4 the estimated coefficient on speaking Spanish at home for paragraph comprehension was only statistically significant at the 12.5 percent level.
When we interact speaking Spanish at home with average parents' schooling, we once again obtain that the estimated coefficient is negative for all four tests but statistically significant only for the math tests. The best way of assessing speaking Spanish at home in the presence of this interaction is by looking at Figure 2 . The interaction between speaking Spanish at home and average parents' schooling is more pronounced for all four tests than when we treated home language as exogenous, but it is substantially so only for the math tests. For the two math tests the effect of speaking Spanish at home is positive for low levels of average parents' schooling and becomes negative for high levels. The turning point for arithmetic reasoning is 6.2 years and for math knowledge is 9.7 years. For arithmetic reasoning the effect of speaking Spanish at home on test scores is negative and statistically significant (at the five percent level) starting at 10 years of average parents' schooling and remains so for all higher schooling levels.
The corresponding turning point for math knowledge is 12 years of average parents' schooling.
For the two verbal tests the effect of speaking Spanish at home is negative for virtually all levels of average parents' schooling. For word knowledge it becomes statistically significant at 10 years of average parents' schooling and remains so for all higher levels. For paragraph comprehension statistical significance is reached by 12 years of average parents' schooling and remains so thereafter.
Summary and Conclusions
In this paper we have provided a formal model of the accumulation of traditional human capital and English fluency which leads to the joint determination of aptitude test scores and years of schooling. Speaking Spanish at home when parents are capable of speaking English will slow down the acquisition of fluency in English and impair the acquisition of traditional human capital. This will result in lower aptitude test scores which we interpret as measures of various types of human capital. The model also implies that the magnitude in the decline in test scores should increase with parental schooling. The implications for completed schooling levels are ambiguous, since lowering the rate at which an individual can accumulate human capital reduces both the marginal benefits and costs of remaining in school.
Our primary empirical findings are consistent with our theoretical model. When treating the choice of home language as exogenous we find negative and statistically significant effects 20 of speaking Spanish at home for three of the four test scores: arithmetic reasoning, math knowledge, and word knowledge. The magnitude of the effects are modest and equivalent to a reduction of two years of schooling, and can account for between 24 and 31 percent of the Hispanic/non-Hispanic white gap in these three test scores. We also find that the magnitude of the effect increases with average parents' schooling as the model predicts. When we interact home language with average parents' schooling we find that speaking Spanish at home has a statistically significant negative effect on all four test scores for higher levels of parental education. 19 When we treat choice of home language as endogenous the estimated effects of speaking Spanish at home remain negative, increase substantially in magnitude, and are statistically significant at conventional levels for all four aptitude tests. This is consistent with the interpretation that those families that were particularly concerned with their children's education and skills were more likely to speak Spanish at home. Consequently treating choice of home language as exogenous understates the negative effects of speaking Spanish at home. Modeling the choice of home language as endogenous, we find that speaking Spanish at home reduces test scores by the equivalent of reductions in schooling levels of between 4.7 and 6.5 years, and can account for between a low of 48 percent of the Hispanic/non-Hispanic white gap in the word knowledge test and a high of 88 percent in the arithmetic reasoning test.
While not the primary focus of this paper, we found some interesting similarities and differences between the math and verbal tests. Contrary to our initial expectations, speaking Spanish at home does not seem to have a uniformly larger effect for either the math or verbal tests. 20 In other respects the impact of home language on test scores differs noticeably. First, the accumulation of math skills seems to end with formal schooling, while the rate of accumulation of verbal skills appears to continue at nearly the same pace after entering the labor force. Second, the magnitude of the reduction in test scores from speaking Spanish at home rises much more sharply with average parents' schooling for math than for verbal tests. We believe these two findings are consistent with one other. This suggests that the acquisition of verbal skills is less dependent than the acquisition of math skills on formal education, which can be more deeply affected by speaking Spanish at home.
All empirical work is constrained by data limitations, and ours is no different. We are particularly concerned that the NLSY79 does not contain any direct measures of the English fluency of the parents or the relevant household income. The problem with the latter arises because some individuals first appear in the NLSY79 when they are already living independently of their parents. The household incomes of such individuals are not comparable to those still living with their parents. This is the main reason we chose not to use household income as an explanatory variable. Furthermore, our measure of Spanish-language background is rather crude. For example, we do not know how intensively Spanish was spoken at home and by whom. Of less concern, at least to us, is that the NLSY79 is an older data set, and it is conceivable that the relationship between home language, schooling, and test scores among Hispanics has changed over time. The remedy for these shortcoming may be to use one of the more recent data sets mentioned in Section 5. As we stated previously, those data sets have their own drawbacks but they would at least allow us to determine if our results are due to the shortcomings of the NLSY79. We leave this for future work.
Finally, in this paper we have not addressed the interesting question of what is the effect of home language on labor market outcomes. Even if speaking Spanish at home reduces aptitude test scores, as we have found in this paper, it still may be the case that there is a positive return in terms of higher wages for bilingual individuals. This is a question for which the NLSY79 is well-suited for investigating and one which we also leave for future work. 22 
Data Appendix
As stated above, the primary data used for the analysis come from the NLSY79. The NLSY79 consists of 12,686 young men and women, living in the U.S., who were between the ages of 14 and 22 when the survey was first conducted in 1979. We focus our analysis on a set of Hispanics who were born in the U.S. or migrated here before the age of seven. The NLSY79 respondents are asked their ethnicity in a series of six questions which identify their first (or only) through sixth ethnic identity. We focus on the first four questions which should account for paternal and maternal grandparents. We have constructed these ethnic variables such that they are mutually exclusive categories and we have identified an individual's Hispanic ethnicity as the first one indicated. We also created a variable to measure one's degree of "Hispanicity." As stated earlier in the paper, the two outcome variables of interest in our analysis are the completed level of schooling and the ASVAB test scores. The final schooling level is constructed using the longitudinal data on highest grade completed, highest degree earned, enrollment status, and age. We followed Hansen et al. (2004) in the construction of this variable. Final schooling levels were constructed primarily using information on highest degree ever received in the most recent year such information was recorded. This question was asked beginning in 1988. 21 For individuals who were age 25 and above, if the highest degree ever received was: 1) an associate's degree, the individual was assigned 14 years of schooling; 2) a bachelor's degree, the individual was assigned 16 years of schooling; 3) a master's degree, the individual was assigned 18 years of schooling; and 4) a doctoral or professional degree, the individual was assigned 20 years of schooling. For individuals who indicated earning a high school diploma, but completed more than 12 years of schooling, we assigned them the years of completed schooling (provided it was less than 16 years). For individuals lacking degree information but who completed at least 12 years of school, we assigned them the highest grade completed. For individuals who were age 21 and above, if they indicated holding a high school diploma then they were assigned 12 years of schooling. For individuals who were missing degree information and completed less than 12 years of schooling, we assigned them the years of schooling completed. There were 36 people who remained; we were able to make reasonable judgements on 22 of these cases, and assigned them a number for the years of schooling completed. 22 The second, and primary, outcome variables of interest are the ASVAB test scores.
The ASVAB test was administered to 11,914 (i.e. 94 percent) civilian and military NSLY79 respondents in 1980 and consists of 10 sections. 23 We standardize these test scores and focus our attention on two math tests-arithmetic reasoning and math knowledge-and two verbal tests-word knowledge and paragraph comprehension-for reasons mentioned previously.
The other controls used in our analysis are as follows: 24 Family background measures include maternal and paternal schooling, the number of siblings, and whether an individual came from a "broken" home. 25 In order to maintain as large a sample as possible, we impute values for parental schooling when it is missing. We do so by regressing father's (mother's) schooling on his (her) spouse's schooling (to address the possibility of assortive mating), variables indicating being born abroad, and interactions with the ethnic indicators, along with some other controls. The predicted value is then imposed when information is missing on the father's (mother's) schooling level. A broken home is defined as one in which, at age 14, a re- 22 For example, we encountered an individual who was age 21 in 1979 when the survey began. For years 1979-1987 he indicated having completed nine years of schooling. From 1988-1991, he reported 11 years. In 1992 he noted 13 years and from 1993-2000 he indicated 12 years. The information on highest degree completed was always missing. He also indicated not having a high school diploma or its equivalent for all years in the survey. Accordingly, we assigned this individual 12 years of schooling. 23 Many researchers proxy for ability in their regressions with the AFQT score which is a composite score derived from the tests listed above. Currie and Thomas (1999) , however, argue that the AFQT score may be a better indicator of socioeconomic status than of intelligence. The AFQT is used by the Armed Forces and is designed to determine eligibility for enlistment and to assess an individual's trainability for service. 24 Our control variables are similar to those employed by Hansen et al. (2004) . 25 While Hispanic parents may or may not choose to speak Spanish to their children, the children often speak English to each other. Of course the number of siblings can directly impact test scores in several ways such as through the resources invested in each child. spondent lived with someone other than his mother and father. 26 We also control for whether a respondent's mother or father was absent when he was age 14. 27 We control for parental country of birth with a variable indicating whether the birth was in a foreign country. 28 Our regional controls include a dummy variable for a southern residence and an urban residence at age 14. We also attempt to address any enclave-effects with the inclusion of the percent Hispanic living in an individual's county of residence at age 17. We use the figures provided in the 1980 Census in constructing this measure.
We control for the direct and opportunity costs of schooling with measures drawn from the 1980 Integrated Public Use Microdata Sample (IPUMS) and from the Department of Education's Integrated Postsecondary Education Data System (IPEDS) "Institutional Characteristics" 1980 survey. These variables are collected for the county in which an individual lives when he is age 17, which was obtained from the NLSY79 Geocode files. Local labor market variables are constructed from the five percent sample of the IPUMS for prime-age (i.e. age 18-60) civilian, wage/salary employees. The IPUMS allows us to construct measures of the unemployment and wage rates by gender and schooling level. 29 Specifically, we consider the corresponding rates for individuals completing at least 12 years of school and for those who complete more than 12 years. The most detailed geographic identifier available in the IPUMS is a county group which is comprised of contiguous areas with a combined population of 100,000 or more residents; they may consist of actual county groups, but may also be single counties, cities, or Census-designated places. In order to construct unemployment rates that most reflected an individual's county of residence at age 17, we created a population-based weighted average of all the county groups in which an individual county was located. Our regressions include the difference between the average unemployment rate for individuals with more than 12 years of schooling and the average unemployment rate for individuals with 12 years of schooling or less. The wage rates are constructed by dividing the total income from wages and salary by the annual hours worked and averaging across individuals in a given county group.
The annual hours worked are just the product of the weeks worked last year and the usual 26 A recent paper investigating the effect of divorce on cognitive and socioemotional development is Auginhaugh et al. (2005) . 27 Flouri and Buchanan (2004) find that parent involvement at age seven is an independent predictor of a child's educational attainment at age 20.
28 Unlike for the children, we are unable to distinguish whether a Puerto Rican parent was born in Puerto Rico or born in the rest of the U.S., and so any such births are considered domestic. 29 The dollar figures are expressed in constant 1980 US$.
25
hours worked per week. These figures are again adjusted for the population of each county in the corresponding county group. Our analysis considers the difference between the average wage rate for individuals with more than 12 years of schooling and the average wage rate for individuals with 12 or less years of schooling. We used the IPEDS to obtain information on the location of all two-and four-year colleges, both public and private, in the U.S. in 1980. 30 Also included is the average in-state county and state tuition for public colleges. Specifically, we include the difference between the county and state tuition at each respective education level as in Cameron and Heckman (2001) . 30 The dummy variable corresponding to a two-year private college is omitted from the analysis because it is highly correlated with the variable indicating a two-year public college. 
